REMARKS 

The Examiner, Mr. Weatherby, is thanked for the courtesy extended 
applicants representatives during the interview of November 27, 2007, wherein, as 
noted in the Interview Summary, applicants provided a slide show providing 
descriptive details of the particulars of the invention, which features, as discussed 
generally at the interview, are now set forth in the newly submitted claims. 

By the present amendment, claims 1 - 20 have been canceled without 
prejudice or disclaimer of the subject matter thereof and new claims 21 - 41 have 
been presented, wherein claims 21 and 37 are independent claims more particularly 
setting forth features of the present invention, as discussed below. 

Applicants note that each of independent claims 21 and 37 are directed to an 
ultrasonic diagnostic apparatus as illustrated in Figs. 1 and 2 of the drawings of this 
application, which includes a tomographic image construction unit shown generally 
at 18 in combination with units 12, 14 and 16 in Fig. 1 for constructing gray scale 
tomographic images including a predetermined area of tissue of an object to be 
examined by repeatedly transmitting ultrasonic waves to the object at time intervals, 
and receiving time-series echo signals from the object including the predetermined 
area. Furthermore, an elasticity image construction unit represented generally by 20 
in Fig. 1 is provided for constructing color elasticity images by measuring 
displacement of tissue of the object based on the time-series reflected echo signals 
which displacement is measured for example, by way of a pressure measuring unit 
36, for example. In accordance with the present invention, an image composition 
unit is provided, as represented by 22 in Fig. 1, and as more clearly illustrated in Fig. 
2, which generates composite images of the color elasticity image and the gray scale 
tomographic image including the predetermined area. Further, a display unit 24 is 
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provided for displaying a stiff area of the tissue of the object in the color elasticity 
image in relation to the predetermined area of the tissue of the object in the gray 
scale image so as to enable comparison of a spread condition of the stiff area of the 
tissue of the object in the color elasticity image with respect to the predetermined 
area of the tissue of the object in gray scale tomographic image whereby diagnosis 
of a condition of a tissue of the object is enabled. Applicants note that claim 37 
further recites the features of an outline image construction unit described below. 

As described in connect ion with Fig. 6 of the drawings of this application, for 
example, Fig. 6A illustrates a displayed monochrome or gray scale tomographic 
image which includes a tumor 60, and Fig. 6B displays a color elasticity outline 
image including a first border line 70 detected with a first threshold and a second 
border line 71 detected with a second threshold. Fig. 6C displays a combined or 
composite image of the gray scale or monochrome or tomographic image and the 
outline color elasticity image, wherein as shown in Fig. 6C, as described at page 17 
of the specification, both border line 70 of the stiff region including tumor 60 and 
border line 71 of for example, a region 62 in which tissue is calcified are combined 
with the tomographic image in the display and by observing the image shown in Fig. 
6C, the mutual relation between the tissue and the border line indicating elasticity 
behavior difference can be properly diagnosed. In this manner, since shape 
information obtained in the tomogrpahic image is emphasized in the display, the 
positional relation becomes more apparent and, for example, as described at page 
17 of the specification, in cancer treatment, an expanse of the stiff region 61 with 
respect to an expanse and size of tumor 60 can be obviously grasped , and a 
removal region of the object can be properly determined . As an aid to the Examiner, 
submitted herewith is a copy of a publication of an article entitled "Breast Disease: 
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Clinical Application of US Elastography For Diagnosis by some of the inventors 
herein which appears in Radiology, Vol. 239, No. 2, May 2006, pages 341-350. As 
described at page 345 in the first full paragraph in the left hand column, "Image 
construction was performed by using a program developed by Hitachi Medical 
(T.M.)(9)", which is representative of the present invention. Applicants note that 
page 345 describes scoring to determine the possibility of cancer. Thus, as 
described in the specification of this application, with the present invention, an 
expanse of a stiff region with respect to expanse and size of tumor can be obviously 
grasped and a removal region of the object can be properly determined. That is, as 
now recited in the independent and the dependent claims of this application, a 
display unit displays a stiff area of the tissue of the object in the color elasticity image 
in relation to the predetermined area of the tissue of the object in the grasped 
tomographic image so as to enable composition of a spread condition of the stiff 
area of the tissue of the object in the color elasticity image with respect to the 
predetermined area of the tissue of the object in the gray scale tomographic image, 
whereby diagnosis of a condition of the tissue of the object is enabled. 

As to the rejection of claims 1 - 3, 5 - 7, 13 and 16 - 19 under 35 USC 102(e) 
as being anticipated by Von Behren et al; the rejection of claims 4 and 20 under 35 
USC 103(a) as being unpatentable over Von Behren et al in view of Sarvazyan; the 
rejection of claim 8 under 35 USC 103(a) as being unpatentable over Von Behren et 
al; the rejection of claims 9 and 10 under 35 USC 103(a) as being unpatentable over 
Von Behren et al in view of Sarvazyan; the rejection of claims 1 1 and 12 under 35 
USC 103(a) as being unpatentable over Von Behren et al; and the rejection of claims 
14 and 15 under 35 USC 103(a) as being unpatentable over Von Behren et al; such 
rejections are considered to be obviated by the cancellation of claims 1 - 20 and the 
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presentation of new claims 21 - 41 . Further, applicants traverse the aforementioned 
rejections insofar as they are applicable to the newly submitted claims. 

As to the requirements to support a rejection under 35 USC 102, reference is 
made to the decision of In re Robertson , 49 USPQ 2d 1949 (Fed. Cir. 1999), wherein 
the court pointed out that anticipation under 35 U.S.C. §102 requires that each and 
every element as set forth in the claim is found, either expressly or inherently 
described in a single prior art reference . As noted by the court, if the prior art 
reference does not expressly set forth a particular element of the claim, that 
reference still may anticipate if the element is "inherent" in its disclosure . To 
establish inherency, the extrinsic evidence "must make clear that the missing 
descriptive matter is necessarily present in the thing described in the reference, and 
that it would be so recognized by persons of ordinary skill." Moreover, the court 
pointed out that inherency, however may not be established by probabilities or 
possibilities . The mere fact that a certain thing may result from a given set of 
circumstances is not sufficient 

Turning first to Von Behren et al, applicants submit that this patent merely 
indicates that an overlay display is preferably generated as a linear combination of a 
gray scale representation and a color representation. Irrespective of the contentions 
by the Examiner, applicants submit that Von Behren et al provides no disclosure or 
teaching of an image composition unit for generating composite images of the color 
elasticity image and the gray scale tomographic image including the predetermined 
area, and a display unit for displaying a stiff area of the tissue of the object in the 
color elasticity image in relation to the predetermined area of the tissue of the object 
in the gray scale tomographic image so as to enable comparison of a spread 
condition of the stiff area of the tissue of the object in the color elasticity image with 



12 



respect to the predetermined area of the tissue of the object in the gray scale 
tomographic image, whereby diagnosis of a condition of the tissue of the object is 
enabled. Applicants note that by applying the scoring based upon the comparison of 
the spread condition of the stiff area of the tissue of the object and the color elasticity 
image with respect to the predetermined area of the tissue of the object in the gray 
scale tomographic image, the diagnosis of a condition of the tissue of the object is 
enabled. In this manner, removal of a region of cancer can be property determined. 
Applicants submit that Von Behren et al provides no disclosure or teaching of the 
recited features of independent claim 21 and claim 37, noting that claim 37 recites 
the additional feature of an outline image construction unit. Accordingly, applicants 
submit that independent claims 21 and 37 recite features not disclosed or taught by 
Von Behren et al in the sense of 35 USC 102 or 35 USC 103 such that all claims 
patentably distinguish thereover. 

With respect to the secondary reference of Sarvazyan, applicants submit that 
while Sarvazyan teaches a pressure measuring unit, applicants note that Sarvazyan 
describes taking differences between two pressure profiles to obtain information on 
an inclusion as described with respect to Fig, 2 at column 6, lines 15-35 of such 
patent. However, Sarvazyan does not disclose an elasticity image construction unit 
including a pressure measuring unit for measuring information of pressure applied to 
the object in accordance with manual displacement of the tissue of the object for 
construction of a color elasticity image of the tissue of the object as recited in claim 
29 and the dependent claims thereof, for example. Thus, Sarvazyan does not 
overcome the deficiencies of Von Behren et al in relation to the claimed invention 
and the proposed combination does not provide the claimed features as recited in 
the claims of this application. Furthermore, it is apparent that the cited art does not 
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provide an outline image construction unit operating in the manner defined and other 
features of the independent and dependent claims of this application as now recited. 
Accordingly, applicants submit that the independent and dependent claims 
patentably distinguish over Von Behren et al and Sarvazyan taken alone or in any 
combination thereof in the sense of 35 USC 103 and all claims should be considered 
allowable thereover. 

In view of the above amendments and remarks, applicants submit that all 
claims present in this application should now be in condition for allowance and 
issuance of an action of favorable nature is courteously solicited. 

To the extent necessary, applicants petition for an extension of time under 37 
CFR 1 .136. Please charge any shortage in the fees due in connection with the filing 
of this paper, including extension of time fees, to the deposit account of Antonelli, 
Terry, Stout & Kraus, LLP, Deposit Account No. 01-2135 (Case: 529.44847X00), 
and please credit any excess fees to such deposit account. 

Respectfully submitted, 

ANTONELLI, TERRY, STOUT & KRAUS, LLP 



/Melvin Kraus/ Hjk 



Melvin Kraus 
Registration No. 22,466 

MK/jla 

(703) 312-6600 
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Purpose: To evaluate the diagnostic performance of real-time free- 
hand elastography by using the extended combined auto- 
correlation method (CAM) to differentiate benign from 
malignant breast lesions, with pathologic diagnosis as the 
reference standard. 

Materials and This study was approved by the University- of Tsukuba 
Human Subjects Institutional Review Board; all patients 
gave informed consent. Conventional ultrasonography 
(US) and real-time US elastography with CAM were per- 
formed in 111 women (mean age, 49.4 years; age range, 
27-91 years) who had breast lesions (59 benign, 52 malig- 
nant)^ Elasticity images were assigned an elasticity snore 
according to the degree and distribution of strain induced 
by light compression. The area under the curve and cutoff 
point, both of which were obtained by using a receiver 
operating characteristic curve analysis, were used to as- 
sess diagnostic performance. Mean scores were examined 
by using a Student / test. Sensitivity, specificity, and accu- 
racy were compared by using the standard proportion 
difference test or the A-equivalent test. 

Results: For elasticity score., the mean ± standard deviation was 
4.2 ± 0 9 for malignant lesions and 2.1 ± 1.0 for benign 
lesions (P < .001). When a cutoff point of between 3 and 4 
was used, elastography had 86.5% sensitivity, 89.8% spec- 
ificity, and 88.3% accuracy. When a best cutoff point of 
between 4 and 5 was used, conventional US had 71.2% 
sensitivity, 96.6% specificity, and 84.7% accuracy. Elas- 
tography had higher sensitivity than conventional US (P < 
05). By using equivalence bands for non inferiority or 
equivalence, it was shown that the specificity of elastogra- 
phy was not inferior to that of conventional US and that the 
accuracy of elastography was equivalent to that of conven- 
tional US 
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i: For assessing breast lesions, US elastography with the 
proposed imaging classification, which was simple com- 
pared with that of the Breast Imaging Recording and Data 
System classification, had almost the same diagnostic per- 
formance as conventional US. 

® RSNA, 200B 
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Generally, breast cancer tissue is 
harder than the adjacent normal 
breast tissue. This property 
serves as the basis for some examina- 
tions, such as palpation, that are cur- 
rently being used in the clinical assess- 
ment of breast abnormalities, as well as 
for elastography. 

The principle of elastography is that 
tissue compression produces strain 
(displacement) within the tissue and 
that the strain is smaller in harder tissue 
than in softer tissue. Therefore, by mea- 
suring the tissue strain induced by com- 
pression, we can estimate tissue hard- 
ness, which may be useful in diagnosing 
breast cancer. 

Elastography has been used clini- 
cally to examine a variety of breast le- 
sions in patients, and it has been con- 
cluded that this modality may be useful 
for differentiating malignant from be- 
nign masses (1 ) . 

During elastography, it is assumed 
that the main displacement of tissue oc- 
curs in the longitudinal direction (ie, in 
the direction of the beam) . This condi- 
tion can be largely met by applying com- 
pression with a well-controlled stepping 
motor. With freehand compression, 
however, the influence of probe move- 
ment on the skin's surface in the lateral 
direction (so-called creep or slip) must 
be suppressed. A high-speed algorithm 
for estimating strain distribution is re- 
quired for real-time measurement. In 
addition, an ideal elastography system 
will have a large dynamic range of strain 
for stable measurements that does not 
depend on the speed and extent of com- 
pression. 

Three methods — that is, the spatial 
correlation method, the phase- shift 
tracking method, and the combined au- 
tocorrelation method (CAM) — have 
been introduced for measuring tissue 



Table 1 



strain at elastography. Although a head- 
to-head comparison of these methods is 
lacking, each method appears to have 
certain advantages and disadvantages 
(Table 1). 

The spatial correlation method uses 
an ordinary two-dimensional pattern- 
matching algorithm to search for the posi- 
tion that maximizes the cross correlation 
between regions of interest (ROIs) that 
are selected from two images (one ob- 
tained before and the other obtained after 
deformation) . This method can be used to 
demonstrate displacement in two dimen- 
sions (longitudinal and lateral), but the 
processing time is lengthy, which is a dis- 
advantage for real-time assessment. The 
phase-shift tracking method is based on 
an autocorrelation method that is well 
known as a principle of color Doppler 
ultrasonography (US). As a result, this 
method can be used to rapidly and pre- 
cisely determine longitudinal tissue mo- 
tion because of phase-domain processing. 
Because of errors that are related to alias- 
ing, the phase-shift tracking method fails 
when used to measure large displace- 
ments. In addition, this method poorly 
compensates for movement in the lateral 
direction, which is a disadvantage for 
freehand compression. 

To overcome this problem, we de- 
veloped a third method — the CAM (2- 
4) . This method enables rapid and accu- 
rate detection of longitudinal displace- 
ment by using phase- domain processing 
without aliasing. Because lateral and el- 
evational tissue movements are inevita- 
ble during palpation-like freehand ma- 
nipulation of the probe, we modified the 
CAM to better demonstrate tissue dis- 
placement in these directions (5) . 

The dynamic range of strain that is 
estimated by using the extended CAM is 
0.0S%-5.00% (optimal dynamic range, 
0.50%-2.OO%); this method can com- 



pensate for up to about 4 mm of lateral 
slip (5). We have further developed this 
system for clinical breast examination. 

Thus, the purpose of our study was 
to evaluate the diagnostic performance 
of real-time freehand elastography by 
using the extended CAM to differentiate 
benign from malignant breast lesions, 
with pathologic diagnosis as the refer- 
ence standard. 



Materials and Methods 



Patients 

This study was approved by the Univer- 
sity of Tsukuba Human Subjects Institu- 
tional Review Board, and all patients 
provided informed consent. All data col- 
lection, analysis, and information sub- 
mitted for publication were controlled 
by authors who were not employees of 
Hitachi Medical, which provided the 
equipment used for this study. We per- 
formed real-time freehand US elastog- 
raphy in 13S consecutive women who 
underwent evaluation for breast lesions 
(76 benign lesions and 59 malignant le- 
sions) at Tsukuba University Hospital 
between March 22, 2002, and Septem- 
ber 2ft, 2003; lesions were detected at 
conventional B-mode US and were clas- 
sified as category 2-5 lesions according 
to the Breast Imaging Recording and 
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Data System (BI-RADS) criteria for US 
(6) . Lesions were defined as areas in the 
breast tissue that were hypoechoic or 
isoechoic (compared with the subcuta- 
neous fat) on B-mode images and in- 
cluded both mass-forming lesions and 
non-mas s-forming lesions. At B-mode 
imaging, lesions that were clearly cystic 
or those that appeared as fat islands 
were not included. 

Analyses were based on data from 
111 patients in whom lesions measured 
no more than 30 mm in diameter and 
for whom cytologic or histologic diag- 
noses were obtained. Eight patients 
with lesions larger than 30 mm (one 
with a benign lesion and seven with ma- 
lignant lesions) were excluded because 
these larger lesions could be diagnosed 
by using conventional diagnostic meth- 
ods, such as cytology or biopsy. Fur- 
thermore, lf> patients (ail with benign 
lesions) were excluded because no 
pathologic- diagnosis was available. 
Overall, the remaining 111 patients had 
a mean age of 49.4 years (age range, 
27-91 years). The S2 patients with 
breast cancer had a mean age of 52. 9 
years (age range, 29-91 years), and the 
59 patients with benign lesions had a 
mean age of 47.4 years (age range, 
27-73 years). This difference was not 
statistically significant according to the 
Welch test, which was used because 
pretest results (Bartlet test) did not 
show equal variance between groups. 
The diameter of malignant lesions 
(mean, 16.6 mm ±6.1 [standard devia- 
tion] ; range, 6-30 mm) was determined 
to be significantly greater than that of 
benign lesions (mean, 12.6 mm ± 6.2; 
range, 4-30 mm) by using the Student i. 
test based on the pretest of variance 
equality (Bartlet test) (P < .001). 

In all patients with benign or pre- 
sumed benign lesions, we obtained fol- 
low-up data for a period of more than 1 
year (ie, from the time of diagnosis to 
January 2005) . 

Pathologic Diagnoses 

All diagnoses were made by a patholo- 
gist (ILK.) who had 20 years of experi- 
ence in the pathologic analysis of breast 
cancer samples obtained with line-nee- 
dle aspiration cytology, needle biopsy, 



excisional biopsy, or radical surge rv, all 
of which were performed according to 
the established criteria (7,8). Lesions 
were first classified as malignant or be- 
nign. The most prevalent malignant le- 
sions were further divided into three 
subgroups according to the criteria of 
Japanese Breast Cancer Society (7). 
These subgroups included ductal carci- 
noma in situ (DOS), invasive ductal 
carcinoma of nonscirrhous type, and in- 
vasive ductal carcinoma of scirrhous 
type. Similarly, the most prevalent be- 
nign lesions were divided into three sub- 
groups on the basis of histologic fea- 
tures; these stibgroups included intra- 
ductal papilloma, fibroadenoma, and 
aberrations of normal development and 
involution (ANDI) without fibroade- 
noma (eg, duct papillomatosis, scleros- 
ing adenosis, and lobular hyperplasia) 
(7,8). 

Equipment 

Conventional US was performed by us- 
ing a digital electronic scanner with a 
frequency range of 9-13 MHz (IIDI 
5000; Philips Medical Systems, Botheli, 
Wash) and an annular-array mechanical 
sector scanner with a frequency of 7.5 
MHz (SSA-250A; Toshiba Medical Sys- 
tems, Toehigi, Japan). Color Do p pier 
US was performed in a subset of pa- 
tients by using a digital electronic scan- 
ner with a speed range of 3.5 cm/sec 
(IIDI 5000; Philips Medical Systems). 
Examinations were performed by a sur- 
geon (E.U.) who had 26 years of experi- 
ence in breast US or by a radiologist 
(E.T.) who had 20 years of experience 
in breast US. All elasticity images were 
obtained with a system that consisted of 
a digital US scanner (EUB-6500; Hitachi 
Medical, Tokyo, Japan) that was re- 
modeled exclusively for this study and 
an external personal computer (Dell, 
Round Rock, Tex); images were col- 
lected by a surgeon (A.I.) who had 5 
years of experience in breast US. The 
US probe was a 7.5-MIIz liner elec- 
tronic probe (EUP-L53; Hitachi Medi- 
cal) equipped with a handmade stabi- 
lizer that could press evenly against a 
wide area, thereby minimizing the 
creep and rotation of the probe on the 
skin's surface. None of the patients in 



this study experienced adverse events 
from either conventional US or eiastog- 
raphy. 

Imaging Methods 

Conventional US.— First, conventional 
US images of the breast were obtained. 
During our conventional examination, 
we obtained B-mode images first, and 
then color Do p pier US was performed 
in patients with mass-forming lesions 
(104 of 111 lesions) to evaluate the vas- 
cularity of the mass, which was one of 
the BI-RADS criteria for US. Lesion size 
was defined as the diameter of the hypo- 
echoic lesion at B-mode US. 

Images were assigned to one of five 
categories according to the BI-RADS 
criteria for US (6): category 1 , negative 
findings; category 2, benign findings; 
category 3, probably benign findings; 
category 4, findings suspicious for ma- 
lignancy; and category 5, findings highly 
suggestive of malignancy. 

Categories were assigned by either 
the surgeon (E.U.) or the radiologist 
(E.T.), both of whom were board certi- 
fied by the Japanese Society of Ultrason- 
ics in Medicine. These investigators de- 
termined the BI-RADS category of earth 
lesion, with knowledge of the results of 
physical examination and mammogra- 
phy but without knowledge of the final 
pathologic diagnosis. 

Eiastography. — On the same day, 
we next obtained elasticity images as 
motion images, with the patient in the 
supine position and with the stabilizer- 
equipped probe oriented perpendicular 
to the chest wall. The probe was applied 
to the breast and was moved slightly 
inferior and superior to obtain the elas- 
ticity images. 

Importandy, to obtain images that 
were appropriate for analysis, we applied 
the probe with only light pressure, which 
we defined as a level of pressure that 
maintained contact with the skin and per- 
mitted imaging conditions for which the 
association between pressure and strain 
was essentially proportional. We avoided 
using higher levels of pressure, which 
manifest nonlinear properties of tissue 
elasticity; in such circumstances, the as- 
sociation between pressure and strain is 
no longer proportional. It should be 
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noted, however, that the examiner did 
not have to maintain a specific level of 
pressure and that the dynamic range of 
pressure that was appropriate for elastic- 
ity images was wide enough to be c on- 
trolled with freehand compression. 
Therefore, the examiner was able to 
gauge the proper pressure by monitoring 
the real-time elasticity image while mov- 




ing the probe. Specifically, if pressure in- 
creased above a certain level, the pattern 
of the elasticity image started to change 
drastically as the pressure inr ~reased; 
therefore, we did not use images that 
were obtained above this level of pres- 
sure. 

In terms of the ROI used for obtaining 
elasticity images, we set the top of the 




a, b. c. d. e. 

Figure 1 : Images present general appearance of lesions for elasticity scores of (a) 1 , (b) 2, (c) 3, (d) 4, and 
(e)5. Black circle indicates outline of hypoechoic lesion (ie, border between lesion and surrounding breast 
tissue) on B-mode images. 



Figure 2 



Figure 2: Fibroadenoma with elasticity score of 1 in 51-year-old woman. US images were obtained in 
transverse plane. Left: On conventional B-mode image, lesion was classified asBI-RADS category 2. Right 
On elasti city image, the entire hypoechoic lesion was evenly shaded green, as was the surrounding breast 
tissue. 



Figure 3 



Figure 3: Fibroadenoma with elasticity score of 2 in 39-year-old woman. US images were obtained in 
transverse plana Left: On conventional B-mode image, tesionwasclassifiedasBI-RADScategory3.Right:On 
elasticity image, hypoechoic lesion shows mosaic pattern of green and blue. 



ROI to include subcutaneous Cat and the 
bottom of the ROI to include a pectoral 
muscle; lateral borders were set more 
than 5 mm from the lesion's boundary. 
The ROI needed to be set to include suffi- 
cient surrounding breast tissue because 
elasticity in this system is displayed rela- 
tive to the average strain inside the ROL 
Ideally, elasticity images are obtained by 
comparing two images — that is, the one 
obtained before and the one obtained af- 
ter compression (described later in more 
detail). In clinical use, however, multiple 
frames are acquired, and many elasticity 
images are generated by comparing two 
adjacent frames during compression and 
relaxation by continuously moving the 
probe. The displacement of these two ad- 
jacent frames is usually small {< 0.5 mm) . 
In addition, the process of detecting 
strain was equivalent to the compensa- 
tion of the displacement. Consequently, 
elasticity images were produced by com- 
paring an almost identical area on the two 
images. 

The echo signals acquired by using 
the US scanner were captured by the 
external computer and were used to cal- 
culate of tissue strain with the CAM. 
First, the amount of tissue displacement 
induced by compression was calculated 
with a two-step process. The first step 
was the rough estimation of displace- 
ment by using the correlation of the en- 
velope (ie, the amplitude) of the radio- 
frequency signals obtained before and 
after compression. The purpose of this 
first step was to avoid the error of alias- 
ing and to determine the approximate 
displacement in the resolution of the 
half wavelength. 

The second step was the fine estima- 
tion of displacement, which precisely 
determined the displacement from the 
phase difference of the two echo signals 
before and after compression. Although 
the second step resembled that of the 
Doppler US method, the CAM ensured 
that aliasing errors did not occur be- 
cause, as a result of the first step, the 
difference between the true and esti- 
mated displacement was reduced to 
within a half wavelength. Thus, we were 
able to obtain a fine estimation of dis- 
placement without aliasing error. 

Next, strain distribution was ob- 
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tained from the spatial differentiation of 
the displacement distribution. The 
strain distribution was then recon- 
structed as an elasticity image and was 
displayed on the computer monitor. 
The program that was used for this re- 
construction was developed at the Uni- 
versity of Tsukub a (T.S.) (2-4). 

Each pixel of the elasticity image 
was assigned one of 256 specific colors, 
depending on the magnitude of strain. 
The scale ranged from red for compo- 
nents with greatest strain (ie, softest 
components) to blue for those with no 
strain (ie, hardest components). Green 
indicated average strain in the ROI. 
These color-scale elasticity images were 
converted to translucent images and 
were superimposed on the correspond- 
ing B-mode images .so that the investiga- 
tor could easily recognize the relation- 
ship between strain distribution and the 
lesion on B-mode images at a glance. 
Color images were constructed auto- 
matically with the same image process- 
ing settings throughout the study. Image 
construction was performed by using a 
program developed bv Hitachi Medical 
(T.M.)(9). 

To obtain a still image for diagnosis, 
we replayed the recorded motion im- 
ages and selected an image obtained in 
the early phase of compression because 
these images provided the best con- 
trast. Normal breast tissue was dis- 
played in the green range. 

To classify elasticity images, we 
evaluated the color pattern both in the 
hypoechoic lesion (ie, the area that was 
hypoechoic or isoechoic relative to the 
subcutaneous fat [except for echogenic 
halo] on B-mode images) and in the sur- 
rounding breast tissue. On the basis of 
the overall pattern, we assigned each 
image an elasticity score on a five-point 
scale (Fig 1). A score of 1 indicated even 
strain for the entire hypoechoic lesion 
(ie, the entire lesion was evenly shaded 
in green) (Fig 2) . A score of 2 indicated 
strain in most of the hypoechoic lesion, 
with some areas of no strain (ie, the 
hypoechoic lesion had a mosaic pattern 
of green and blue) (Fig 3) . A score of 3 
indicated strain at the periphery of the 
hypoechoic lesion, with sparing of the 
center of the lesion (ie, the peripheral 



Figure 4: Lobular card noma in situ with elasticity score of 3 in 46-year-old woman. US images were ob- 
tained in transverse plane. Left: On conventional B-mode image, lesion was classified as Bl-RADS category 3. 
Right: On elasticity image, the central part of the hypoechoic lesion was bl ue, and the peripheral part of the 
lesion was green. 




figure & Nonscirrhous type invasive ductal carcinoma with elasticity score of 4 i n 29-year-oid woman. 
US images were obtained in transverse plane. Left: On conventional B-mode image, lesion was classified as 
Bl-RADS category 5. Middle: On elasticity image, the entire hypoechoic lesion was blue. Right: Pathologic 
section of lesion is shown. (Hematoxylin-eosin stain; original magnification, x1 .) 



Figure 6 



Figure 6: Scirrhous type invasive ductal carcinoma with elasticity score of 5 in 55-year-old woman. US 
images were obtained in sagittal plane. Left: On conventional B-mode image, lesion was classified as Bl- 
RADS category 5. Middle: On elasticity image, both the entire hypoechoic lesion and its surrounding area 
were blue. Right: Pathologic section of lesion is shown. (Hematoxylin-eosin stain; original magnification, 
xl.) 



part of lesion was green, and the central 
part was blue) (Fig 4). A score of 4 
indicated no strain in the entire hypo- 
echoic lesion (ie, the entire lesion was 



blue, but its surrounding area was not 
included) (Fig 5). A score of 5 indicated 
no strain in the entire hypoechoic lesion 
or in the surrounding area (ie, both the 
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entire hypoechoic lesion and its sur- 
rounding area were bine) (Fig 6) . 

Scoring was performed by a surgeon 
(A.I.) who had 5 years of experience in 
evaluating breast US results according 
to the imaging patterns described (Fig 
1). In the first stage of the study (from 
March 2002 to March 2003), scoring 
was performed in 57 lesions, with 



Table 2 



Final 
Breast Lesions 

Pathologic Diagnosis 



m111 

No. of Lesions 



Mansrantt&ions 52(468) 
Invasive ductal carcinoma 

Nonsclrrhous 32 (28.8) 

Scirrhous* 10(9.0) 

Ductal carririoma in situ 9 (8.1) 

Mucinous carcinoma 1(0.9) 

Benign lesions 59(53.2) 

i ANDI* 24(21.6) 

Fibroadenoma 16 (14.4) 

Intraductal papilloma 13 (1 1 .7) 

Complex cyst 2(1.8) 

Benign phyHodes tumor* 2 (1 .8) 

Lobular carcinoma in situ 1 (0.9) 

Granuloma 1 (0.9) 

Note.-~Hlumbers in parentheses are percentages. 
* Defined as carcinoma inat had a hard consistency 

because of excessive production of dense connective 



f indicates AN0I wthout fiffoadenoma. 

* Excisional biopsy was performed in both phyllodes 

tumors; tumors were proven with histologic analysis. 



Figure 7 




1 2 3 4 5 

Elasticity Score 

Figure 7: Bar graph demonstrates distribution 
of elasticity scores for malignant lesions. Numbers 
on bars indicate the number of lesions. IDC = 
invasive ductal carcinoma, Mucinous^ muci- 
nous carcinoma. 



knowledge of the results of conventional 
US examination and the final pathologic 
diagnosis. In the second stage of the 
study (from April 2003 to September 
2003), scoring was performed in 54 le- 
sions, with knowledge of the results of 
physical examination and mammogra- 
phy but without knowledge of the re- 
sults of conventional US examination 
and the final pathologic diagnosis. 

Statistical Analysis 

We first compared malignant and be- 
nign lesions by (a) comparing the mean 
elasticity scores for real-time US elastic- 
ity images between malignant and be- 
nign lesions to determine the score for 
differentiating between these lesions 
and (b) comparing the elasticity scores 
between the three groups within each 
lesion si/e category (ie, 4-10 mm, 
11-20 mm, and 21-30 mm) to assess 
the usefulness of this modality for vari- 
ous lesion sizes. All comparisons were 
made by using the Student /. test. 

Furthermore, we compared elastic- 
ity scores among the histologic: sub- 
groups of lesions by using an analysis of 
variance (Tukey-type multiple compari- 
son) to assess the correspondence be- 
tween the elasticity score and the com- 
pressibility of each histologic type, with 
pathologic diagnoses as a reference 
standard. 




2 3 4 
Elasticity Score 

Figure 8: Bar graph demonstrates distribution 
of elasticity scores for benign lesions. Numbers on 
bars indicate the number of lesions. For the cate- 
gory termed others, lesions included complex 
cysts, lobular carcinoma in situ, and granulomas. 
FA * fibroadenoma, /DP= intraductal papilloma, 
Phyllodes = benign phyllodes tumor. 



Finally, we evaluated the ability of 
the two imaging modalities to allow dif- 
ferentiation of malignant and benign le- 
sions by using a receiver operating char- 
acteristic analysis to compare the area 
under the curve, sensitivity, specificity, 
and accuracy. Here, the standard pro- 
portion test was conducted for sensitiv- 
ity, specificity, and accuracy. For the 
indices that did not show a statistically 
significant difference, we examined 
equivalence or noninferiority by using 
the A-equivalent test (10). 

In addition, we used the x 2 tRSt to 
assess the presence of a significant dif- 
ference between lesions scored in the 
first stage of the study and those scored 
in the second stage of the study; as pre- 
viously noted, the conditions under 
which scoring was performed were 
somewhat different. 

All statistical tests were performed 
by using commercially available soft- 
ware (Stat Mate 2000, version 3.01, 
ATMS, Tokyo, Japan and PASS 2002, 
NCSS, Kaysville, Utah). For all tests, a 
P value of less than .05 was considered 
to indicate a statistically significant dif- 
ference. 



Results 



Pathologic Diagnoses 

Final pathologic diagnoses are shown in 
Table 2. All breast cancers were diag- 
nosed histologically by means of radical 
surgery, excisional biopsy, or needle bi- 
opsy. Of the 59 benign lesions, 1 8 were 
diagnosed at excisional biopsy, 19 at 
US-guided needle biopsy, and 22 at fine- 
needle asp iration cytology. Further- 
more, all benign lesions remained un- 
changed during the follow-up period, 
which spanned more than 1 year. 

Elasticity Scores 

The distributions of elasticity scores for 
malignant lesions and benign lesions are 
shown in Figures 7 and 8, respectively. 
The mean elasticity score was signifi- 
candy higher for malignant lesions 
(4.2 ± 0.9) than for benign lesions 
(2.1 ± 1.0) (P< .001). 

Of the 52 malignant lesions, 45 
(86%) lesions, including invasive ductal 
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carcinoma, had a score of 4 or 5. None 
of the lesions in this group had a score 
of 1 . Of the 59 benign lesions, 40 (68%) 
lesions, including fibroadenomas and 
ANDI without fibroadenoma, had a 
score of 1 or 2 (score of 1 , 21 lesions; 
score of 2, 19 lesions). 

One (4%) of the 26 lesions with a 
score of 5 and £ive (20%) of the 25 le- 
sions with a score of 4 were benign. 
Two (1 3%) of 1 5 lesions with a score of 
3 and five (21%) of 24 lesions with a 
score of 2 were malignant. Of note, 
three of the malignant lesions with a 
score of 2 occurred in the first stage of 
our study. 

The mean elasticity scores accord- 
ing to lesion size on B-mode images are 
shown in Table 3. For each lesion size 
category, the mean score was signifi- 
candy higher for malignant lesions than 
for benign lesions (P < .001). 

The distribution of elasticity scores 
for breast cancers according to their 
histologic sub classification is shown in 
Figure 9. The mean score was 3.7 ± 
1.0 for DCIS, 4.2 ± 0.9 for invasive 
ductal carcinoma of nonscirrhous 
type, and 4.9 ± 0.3 for invasive ductal 
carcinoma of scirrhous type. There 
were no significant differences be- 
tween the mean scores for invasive 
ductal carcinomas of scirrhous type 
and those for invasive ductal carcino- 
mas of nonscirrhous type. The mean 
scores for nonscirrhous carcinoma 
and those for DCIS did not differ sig- 
nificantly. Mean scores for scirrhous 
carcinoma and those for DCIS, how- 
ever, did differ significantly (P < .05). 
Of the five malignant lesions with a 
score of 2, two were DCIS and three 
were invasive ductal carcinomas of 
nonscirrhous type. 

The distribution of elasticity scores 
for benign lesions according to their his- 
tologic characteristics is shown in Fig- 
ure 10. The mean score was 1.9 ± 0.9 
for fibroadenoma, 1.7 ± 0.9 for ANDI, 
and 2.9 ±1.0 for intraductal papilloma. 
The mean scores for intraductal papil- 
loma and those for ANDI differed signif- 
icandy (P < .01). In contrast, there was 
no significant difference between the 
mean scores for fibroadenoma and 
those for ANDI or between the mean 




{mmr 



I Elasticity Score according to Lesion 



Malignant 



Benign 



PValue* 



4-10 
11-20 
21-30 



3.9 ±1.7 m 
4.4 ± 0.8 (27) 
4.2^1.0(16) 



1.9 ±0.9 (28) 

2.3 ±1.2 (26) 

2.4 ±0.6 (5) 



<001 
<.001 
<.0G1 



Note — Elasticity scores are presented as the mean ± sfendard deviation. Numbers in parentheses indicate the trial number 
of lesions for each size category. . 

'Lesion diameter was determined at B-mode US and was measured to the nearest millimeter. 

* Within each size category, the difference between elasticity scores for malignant and benign lesions was (leteimined to be 

sigrwficantby using the Student t test 
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DCIS Nonsci Sci 
Figure 9: Bar graph demonstrates distribution 
of elasticity scores for breast cancers according to 
histologic subclassif ication. Numbers on bars 
indicate the number of lesions. Nonsci = invasive 
ductal carcinoma of nonscirrhous type, 
invasive ductal carcinoma of scirrhous type. 



scores for intraductal papilloma and 
those for fibroadenoma. 

There was no significant difference 
between the mean elasticity scores for 
intraductal papilloma and those for 
DCIS. However, the mean scores for 
other benign lesions (fibroadenoma and 
ANDI) and those for all subclasses of 
carcinomas differed significantly (P < 
.001 for each comparison) . 

Diagnostic Performance 

Figure 11 shows the receiver operating 
characteristic curves for elastography 
and conventional US in differentiating 
malignant from benign legions. This bar 
graph shows that the maximum value of 
the sum of sensitivity and specificity for 
elastography is higher than that for con- 
ventional US. The area under the curve 



Figure 10 
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Figure 10: Bar graph demonstrates distribu- 
tion of elasticity scores for benign lesions accord- 
ing to histologic subclassif ication. Numbers on 
bars indicate the number of lesions. FA - fibroad- 
enoma, IDP= intraductal papilloma. 



Figure 11 




0.2 0.4 0.6 0.8 
1 -Specificity 
Figure 11: Receiver operating characteristic 
curves for elastography and conventional US. The 
area under the curve was almost the same for both 
elastography and conventional US (0.91 85 and 
0.9153, respectively). Statistical comparison was 
not possible because the number of lesions was 
insufficient. 
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for eiastography was 0.91 8S, whinh is 
slightly higher than that for conven- 
tional US (0.9153). 

The diagnostic performance of con- 
ventional US and of eiastography at var- 
ious cutoff points for the entire study 
period (stage one and stage two) is 
shown in Table 4. For eiastography., 
sensitivity (8fi.5% [45 of 52]; 95% con- 
fidence interval: 77.3%, 83.5%), speci- 
ficity (89.8% [53 of 59J; 95% confidence 
interval: 82.1%, 97.5%), and accuracy 
(88.3% [98 of 111]; 95% confidence in- 
terval: 82.3%, 94.3%) are shown, with 
the best cutoff point between elasticity 
scores of 3 and 4. According to the con- 
ventional method, a cutoff point is de- 
fined as best if it attains the maximum of 
value of sum of sensitivity and specific- 
ity. The sensitivity (71.2% [37 of 52]; 
95% confidence interval: 58.8%, 83.5%), 
specificity (96.6% [57 of 59]; 95% confi- 
dence interval: 92.0%, 100.0%), and ac- 
curacy (84.7% [94 of 111]; 95% confi- 
dence interval: 78.0%, 91.4%) of conven- 
tional US are also shown in Table 4, with 
the best cutoff point between BI-RADS 
category 4 and 5. If another cutoff point 
is applied between BI-RADS category 3 
and 4, then sensitivity moves to 96.2% 
(50 of 52), specificity to 62.7% (37 of 
59), and accuracy to 78.4% (87 of 111). 

By applying the best cutoff point for 
each image, we found that eiastography 
had a higher sensitivity than conven- 
tional US (P < .05). Eiastography had 



Table 4 



lower specificity and lower accuracy 
than conventional US, but these differ- 
ences were not significant. Therefore, 
when we considered the equivalence 
band, the specificity of eiastography was 
not inferior to (ie, not more than 15% 
different than) (P < .05) and accuracy 
was equivalent to (ie, within 13% of) 
(P < .05) that of conventional US. 

When the conventional US cutoff 
point was set between BI-RADS cate- 
gory 3 and 4, only two lesions had false- 
negative results, but 22 lesions had 
false-positive results. More than half of 
the false- positive lesions (14 [64%] of 
22 lesions) had elasticity scores of 1 or 2 
(score of 1 , nine lesions; score of 2, five 
lesions) . When the conventional US cut- 
off point was set between BI-RADS cat- 
egory 4 and 5, only two lesions had 
false-positive results, but 15 lesions had 
false-negative results. More than half of 
the false-negative lesions (11 [73%] of 
15 lesions) had elasticity scores of 4 or 5 
(score of 4, eight lesions; score of 5, 
three lesions) . 

In contrast, when the cutoff point 
for eiastography was set between scores 
of 3 and 4, the majority of the false- 
negative results at eiastography (six 
[86%] of seven lesions) were for lesions 
with a BI-RADS category of 4 or S (cat- 
egory 4, three lesions; category 5, three 
lesions); the one remaining lesion was 
classified as BI-RADS category 3. Of the 
six false- positive findings at eiastogra- 



phy, three were for BI-RADS category 4 
lesions, one was for a BI-RADS category 
3 lesion, and two were for BI-RADS cat- 
egory 2 lesions. 

In the first stage of the study, the 
sensitivity, specificity, and accuracy of 
eiastography were 89.3% (25 of 28), 
93.1 % (27 of 29) , and 91 .2% (52 of 57) , 
respectively, with a cutoff point of be- 
tween 3 and 4. Also in the first stage of 
the stud}', the sensitivity, specificity, 
and accuracy of conventional US were 
78.6% (22 of 28), 93.1% (27 of 29), and 
86.0% (49 of 57), respectively, with a 
cutoff point of between 4 and 5. 

In the second stage of the study, the 
sensitivity, specificity, and accuracy of 
eiastography were 83.3% (20 of 24), 
86.7% (26 of 30) , and 85.2% (46 of 54) , 
respectively, with a cutoff point of be- 
tween 3 and 4. For conventional US, the 
sensitivity, specificity, and accuracy 
were 62.5% (15 of 24), 100% (30 of 
30), and 83.3% (45 of 54), respectively, 
with a cutoff point of between 4 and 5. 
There was no significant difference be- 
tween the first and second stage of the 
study with respect to the sensitivity, 
specificity , and accuracy of eiastography 
and conventional US (P > .05). There- 
fore, we combined results for the two 
stages of subsequent analyses. 



Discussion 



Investigators have performed freehand 
US eiastography in patients with breast 
lesions by using off-line assessment and 
have compared the traced outlines of 
tumors on B-raode images with those on 
grayscale elastograms (11,12). Al- 
though our method is similar to theirs, 
we were able to make an elasticity as- 
sessment instantly because our scoring 
svstem was simple; as a result, we be- 
lieve our system is more practical for 
clinical use. A freehand US eiastography 
system that permits real-time assess- 
ment has been developed and clinically 
tested. The freehand system uses spa- 
tial correlation and has rapid signal pro- 
cessing (12); however, the CAM pro- 
vides a higher frame rate while main- 
taining high image quality. The other 
system uses a one-dimensional search; 
as a result, the performance of this sys- 



Sensrtivrty, Spec fficrty, and Accuracy of Eiastography and Conventional US at Various 
Cutoff Points for the Diagnosis of Benign and Malignant Lesions 



Cutoff Point* Sensitivity (%) Specfficity (%) Accuracy (%) 



Elasticity score 
Between 1 and 2 


v ; '-' v. : .\ '■ : '- • 
100(52/52) 


35.6(21/59) 


65.8(73/111) 


Between 2 and 3 


90.4(47/52) 


67.8(40/59) 


78.4(87/111) 


Between 3 and 4 


86.5 (45/52) 


89.8(53/59) 


88.3(98/111) 




48.1(25/52) 


983(58/59) 


74.8(83/111) 


Conventional US cate go ry f 








Between 1 and 2 


100(52/52) 


0(0/59) 


46.8(52/111) 


Between 2 and 3 


100(52/52) 


23.7(14/59) 


59.5(66/111) 


Between 3 and 4 


96.2(50/52) 


62.7(37/59) 


78.4(87/111) 


Between 4 and 5 


71.2(37/52) 


96.6(57/59) 


84.7(94/111) 


Note.— Numbers in parentheses were used to calculate percentages. 






* Cutoff points are presented for Ihe entifi 


9 study period (ie, for stage oik 


* and stage two). 




f Conventional US category was defined a 


ccording to the BI-RADS classil 


fcatfcnfcrUS, 
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tern can be compromised by lateral 
movement of the probe (11)- 

From a diagnostic point of view, our 
findings concur with those of other stud- 
ies — namely, that elastography is useful 
for characterizing breast lesions in gen- 
eral and has the potential to allow dif- 
ferentiation between malignant and be- 
nign lesions (1,11-13). In the clinical 
setting, grayscale US elastography dur- 
ing which patients are imaged in a 
seated position has been performed for 
those with breast lesions, and motor- 
driven compression plates have been 
used (1). Investigators have reported 
that elastography allowed differentia- 
tion of cancers from fibroadenomas, 
and that the width of the cancers was 
greater on elasticity images than on B- 
mode images. Our results, which are 
derived with the more clinically practi- 
cal freehand approach, correspond with 
theirs. In addition, we believe that our 
system is more rapid for demonstrating 
longitudinal displacement and more ro- 
bust for lateral movement of the probe. 
With our system, lesions can be easily 
found because translucent color-scale 
elasticity images are superimposed on 
the corresponding B-mode images. 

Clinical Implications 

Although we are not yet able to pre- 
cisely quantitafce elasticity, we have ar- 
rived at a point where semiquantitative 
assessment in the clinical setting is pos- 
sible. 

Our finding of a significant differ- 
ence between mean elasticity scores for 
malignant and benign lesions in patients 
suggests that elastography may be use- 
ful in diagnosing breast lesions in the 
clinical setting. Moreover, this discrimi- 
nator}' capability did not depend on le- 
sion size when lesions were smaller 
than 30 mm in diameter. The mean 
elasticity score for scirrhous carcinoma 
was significantly higher than that for 
DCIS, and the mean scores for fibroad- 
enoma and ANDI were lower than those 
for carcinomas. These results agree 
with experimental results for elastic 
moduli, as measured in vitro (14) . 

We believe that an elasticity score 
of S , which shows no strain in the entire 
hypoechoic lesion and the surrounding 



area at B-mode US, indicates infiltration 
of cancer cells into the interstitial tis- 
sues (eg, in scirrhous {carcinomas) or 
into an intraductal component (eg, in 
DCIS), both of which are characteristics 
of carcinoma. 

An elasticity score of 4, which indi- 
cates no strain in the entire hypoechoic 
lesion, seems to be characteristic of tu- 
mors such as solid tubular carcinomas 
that are circumscribed and homoge- 
neously harder than the adjacent nor- 
mal breast tissue. 

In our study, an elasticity score of 3, 
which indicates strain at the periphery 
of the hypoechoic lesion, was mainly 
found in benign lesions, including intra- 
ductal papillomas. The importance of 
strain at the periphery is unclear at 
present and requires further investiga- 
tion. We recommend that all lesions 
with elasticity scores of 3 or higher be 
examined by means of aspiration cytol- 
ogy or needle biopsy because two (1 3%) 
of the 15 lesions with a score of 3 were 
malignant. 

We believe that elasticity scores of 
2, for which parts of the hypoechoic 
lesion did not show strain at B-mode 
US, indicate lesions that are soft yet 
somewhat harder than normal breast 
tissue. This is often characteristic of le- 
sions such as fibroadenoma or ANDI. Of 
the five malignant lesions with scores of 
2, two were DCIS and three were inva- 
sive ductal carcinomas at histologic 
analysis. Investigators have noted that 
DCIS is softer than invasive ductal carci- 
noma (14). The finding of a lower elas- 
ticity score in lesions suspicious for 
DCIS is therefore plausible and suggests 
that correct diagnosis of these lesions 
will require the use of other imaging 
modalities in addition to elastography. 

Three patients with invasive ductal 
carcinoma had lesions with a score of 2, 
but we found no specific histologic fea- 
tures to explain the lower elasticity 
score in these patients. These false-neg- 
ative results may have resulted from an 
artifact that was created by applying the 
probe with too much pressure during 
elastography. Two of these lesions were 
examined in the first stage of our study, 
and the examiner did not grasp the 
probe with an appropriate level of pres- 



sure. All of the invasive ductal carcino- 
mas with a score of 2 (three lesions) 
were classified as BI-RADS category 4 
or 5, a finding that supports the com- 
bined use of elastography and conven- 
tional US to avoid misdiagnosing an in- 
vasive carcinoma as a benign lesion. 

We believe that an elasticity score 
of 1, which shows even strain in the 
entire hypoechoic lesion at B-mode 
US, indicates that lesions have almost 
the same compressibility as the sur- 
rounding breast tissue. In our study, 
no malignant lesions had a score of 1 . 
Although our findings will require con- 
firmation, this result suggests that in- 
vasive diagnostic procedures, such as 
histologic examination, may be omit- 
ted for patients who have lesions with 
a score of 1 . 

The result of our receiver operating 
characteristic curve analysis suggests 
that elastography may have a diagnostic 
performance that is better than, or at 
least equal to, that of conventional US, 
with the best cutoff point in the means 
of high sensitivity. Both accuracies coin- 
cide with each other within a 13% dif- 
ference, and the specificity of elastogra- 
phy was not inferior to (ie, not more 
than 15% different than) that of conven- 
tional US. These results show that, com- 
pared with conventional US, elastogra- 
phy has higher sensitivity, a noninferior 
specificity of no more than 15%, and an 
equivalent accuracy of within 13%, 
which encourages us to believe that the 
results were obtained with elastography 
only. Because classifying elasticity im- 
ages with our scoring system is simpler 
than classifying images with a scoring 
system based on the BI-RADS criteria 
for conventional US, we believe that 
even an examiner with limited training 
may be able to obtain the same diagnos- 
tic performance as an experienced ex- 
aminer with elastography. 

Of particular note, 14 (64%) of 22 
patients who had false- positive results 
and a conventional US cutoff point of 
between BI-RADS category 3 and 4 had 
elasticity scores of 1 or 2; at minimum, 
the nine patients with a score of 1 could 
have conceivably been spared further 
procedures. In addition, we believe 
that, with concomitant use of elastogra- 
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phy and conventional US, it may be pos- 
sible to downgrade some BI-RADS cate- 
gory 3 and 4 lesions to BI-RADS rate- 
go ry 2 lesions. As a result, this 
approach may reduce the number of 
false-positive results and unnecessary 
invasive diagnostic procedures. 

Limitations 

Our study has some limitations. Pa- 
tients with cancer were overre pre- 
sented because our hospital serves as a 
referral center for general clinics. 
Therefore, the findings cannot neces- 
sarily be extended to the general popu- 
lation. In addition, the lesions that were 
assessed were predominantly larger le- 
sions. Although elastography facilitated 
the differentiation of malignant lesions 
from benign lesions (even among le- 
sions smaller than 1 0 mm) , few lesions 
in this study were smaller than 5 mm. 
Therefore, further studies on the use of 
elastography for the characterization of 
small lesions will be necessary. 

Elastography itself, like all imaging 
modalities, has certain limitations. The 
main pitfall of this modality is that the 
extent of tissue compression influences 
both the elasticity image and, conse- 
quently, the elasticity score. When elas- 
ticity scores are used for diagnosis, im- 
ages obtained with the application of 
strong pressure may lead to misdiagno- 
sis. Images with minimal perturbation 
of strain relationships can be obtained 
by lightly pressing the probe to the 
breast. It takes some practice to be able 
to exert light pressure on the same 
cross-sectional surface of the breast. Of 
note, three (60%) of live false-negative 
results obtained by using an elasticity 
score cutoff point of between 3 and 4 
occurred during the Grst stage of our 
study when the examiner was just get- 
ting used to the probe operation. We 
cannot, however, determine if the pres- 
sure was inappropriate because there is 
currently no pressure indicator avail- 
able. Until a pressure gauge becomes 
available, examiners must attempt to 



apply the probe with light pressure by 
monitoring the real-time image to ob- 
tain images that are appropriate for 
elasticity analysis. Another shortcoming 
is that, although most images clearly re- 
semble one of the five distinct patterns 
used for classification, the selection is 
currently made by the examiner and is 
not yet automated. 

In conclusion, we believe that elas- 
tography can complement conventional 
US, thereby making it easier to diagnose 
breast lesions. Our experience suggests 
that the skill needed to acquire ade- 
quate images is similar for conventional 
US and elastography; the skill needed to 
interpret images, however, is somewhat 
less for elastography when our classifi- 
cation system is used. Elastography is 
promising, and we expect that with fu- 
ture improvements in the technology 
(eg, the development of a pressure indi- 
cator and approaches for quantitative 
assessment) , this imaging modality will 
become an invaluable tool for the diag- 
nosis of breast diseases in the clinical 
setting. 
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